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Steroidal Sapogenins. XLV. Effect of Side Chain Isomerism on Rate of Conversion
to Pseudosapogenins2

A study of the pseudomerization rates of 20a,250-, 20a,25L-, 208,25D- and 208,25L-sapogenins shows that in the 20a-series
the 25L-sapogenins are pseudomerized much more rapidly than the corresponding 25p-compound; the reverse is true in the
208-series. The application of these findings to the question of the stereochemistry of the spiroketal side chain is discussed

in detail.

The conversion of sapogenins to the correspond-
ing pseudosapogenin diacetates by means of acetic
anhydride at elevated temperatures (pseudomeriza-
tion) is a key reaction in hormone technology. The
reaction was first discovered by Marker and co-
workers,%.b< the standard operating procedure re-
quiring heating the sapogenin with acetic anhy-
dride in sealed vessels at 200° for approximately 10
hr. More recently aluminum chloride* or pyridine
hydrochloride® has been used in refluxing acetic
anhydride to convert sapogenins to pseudosapogen-
ins.. Cameron and his associates® in an excellent
study of the pseudomerization reaction recom-
mended the use of octanoic anhydride or octanoic
acid at rather elevated temperatures.
the above references indicated that the effect of side
chain isomerism on the pseudomerization rate had
ever been studied. |

In contintation of our previous studies on the
configuration of the spiroketal side chain®’ we have
studied the pseudomerization of natural sapogen-
ins of the 25p- and 25L-series and of their analo-
gous isomers in the 208-series’ and find that differ-
ences in side chain structure can greatly change the
rate of this reaction. |

The initial experiments were conducted with
natural sapogenins of the 25p- and 25L-series. Ex-
ploratory work indicated that under the conditions
recommended by previous workers®~ all the sapo-
genins were converted rapidly to pseudosapogenins
plus other products and rate differences could not be
ascertained.
acetic anhydride containing a trace of acetic acid
and a reaction temperature of 170°. Conversion to
pseudosapogenins was followed by infrared meas-
urements, paper chromatography and.-most con-
veniently by ultraviolet measurements at 215 mgu.
The results are shown in Table I. | :

From the data it is apparent that the 25L-sapo-
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genins sarsasapogenin, yamogenin, and neotigoge-
nin were pseudomerized 2-3 times more rapidly
than their corresponding 25D-analogs, smilagenin,
diosgenin and tigogenin, respectively. The data
thus indicate that the 25L-spiroketal side chain is
less stable than the corresponding 25p-series in com-

TaBLE 1

PSEUDOMERIZATION OF NATURAL SAPOGENINS IN ACETIC
ANHYDRIDE AT 170°
~——Conversion, %, to pseudosapogenin from

Time, Ssaar;:- Smila- VYamo- Dios- Neotigo- Tigo-

hr. genin genin genin genin genin genin
0.5 8.0

1.0 18.5 4.5 39.5

1.25 50.0°

1.5 39.5

1.8 50.0°

2:0 58.5 12.0 80.0

3.0 88.5 51.0° 20.0 24.5
4.0 98.5  24.5

5.0 45.5 72.0 41.0 100.0 29.5
5.6 50.0°

6.0 50.0°

7.0 60.5 92.0 63.5 38.0
8.6 50.0°
11.0 80.5 74.0 67.5
17.0 92.0 99.0 92.0 86.0
21.0 99.0 98.5 99.0

« All 50% conversion times were calculated except for
yamogenin.

‘plete agreement with 'earlier experiments which

demonstrated that the 25L-series was labile toward
hydrochloric acid in contrast to the more stable
25p-series.®™& On the basis of conformational
analysis,%® molecular rotation deductions,™ and
experiments with isomeric 25p- and 25L-sapogenins
which demonstrated that identical compounds were
obtained after destroying the asymmetric center at
Ca, ™ we conclude that in natural sapogenins the
spiroketal side chain isomers have the structure
20a,22a,25p-(1a) and 20a,22a,25L-spirostane (Ib).
Another factor which affects the rate of pseudo-
merization is the configuration at C;. Thus the
data in Table I show that sarsasapogenin and neo-
tigogenin (Cs—cis and frans, respectively) are con-
verted to pseudosapogenins more rapidly
yamogenin (A%®). In the 25p-series, smilagenin
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(Cs cis) is somewhat more reactive than the C; trans
or AS®.-analogs.!!

We next studied the pseudomerization rates of
the new class of sapogenins formed by treating
pseudosapogenins with acetic or dilute hydrochloric
acid.e®.12  Recently we have demonstrated by
an unequivocal partial synthesis? that the acetic
acid cyclization of 25p-pseudosapogenins gives a
product which can be classified as a 208,22a,25D-
spirostane (ITa). The question then arises as to the
structure of the corresponding 25L-series. These
compounds were prepared in the same manner and
have properties quite similar to those in the analo-
gous 25D-series.’®¢ It seems most likely that both
the 25p- and 25L-sapogenins under discussion have
the 20B-configuration. Accordingly the 208,25L-
series must be represented by formulations IIb or
IIc. As shown in Table II, a study of the pseudo-

- TaBLe II
PSEUDOMERIZATION OF 20-Iso- AND 20,22-ISOSAPOGENINS

~——Conversion, %, to pseudosapog from.
g P 20-1
20,22-Isosar- 20-1Iso0- yl:.o- dio:?‘
Time, sasap i il i in, in,
min, AcsO% Heatb AcsO% Heatd atd eatd
15 10 8 60 62 20 -~ 50
30 27 10 80 59 23 48
45 49
60 72 80 26 45
90 88
120 100 15 80 48

¢ Temperature 100°. b Temperature 187°.

merization rates of 208,25p- and 208,25L-sapogen-
ins indicated that the latter group was converted to
/pseudosapogenin at a rate much slower than the
. former. This information rules out consideration
of formulation IIb and establishes IIc, 208,22b,-
25L-spirostane, as the probable correct structure for
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the 25L-series.}® Molecular models of IIa and Ilc
indicated that the latter might be expected to have
the more stable structure.4

Comparing formulations Ia, Ib, ITa and Ilg, it
will be noted that the last has a C,, configuration
opposite to the first three. We have noted that
sapogenins to which we assign structure IIc are
markedly more dextrorotatory than the other
types.™»¢ In an earlier paper’ we arrived at the
formulations Ia, Ib,-IIa and IIc from deductions
based on molecular rotation differences which we
now see to be in complete agreement with deduc-
tions based on partial synthesis2!® and stability
toward pseudomerization.

Since the structures of the various types of sapo-
genins now seem to be established with reasonable
certainty, we should like to suggest a system for
formal and trivial nomenclature exemplified as

Formal name Trivial name

20«,228,25p-Spirostan-38-ol Smilagenin
20a,228,25L-Spirostan-34-ol Sarsasapogenin
208,228,25p-Spirostan-38-ol 20-Isosmilagenin
208,22a,25L-Spirostan-3-ol 20,22-Isosarsasapogenin

The proposed formal nomenclature is essentially
a modification of the widely accepted recommenda-
tions of the 1950 CIBA conference on steroid no-
menclature.%? The present proposals make pro-
vision for isomerism at Cy» and Cg which were not
recognized at the time of the 1950 conference. The
use of “a’ or “B" to designate configuration at Cg
is based on the relationship to natural sapogenins
to bile acids and cholesterol at Cy which has been
reviewed in an earlier paper.’® The use of 25D or
25L to denote Cy-configuration is based on the work
of James who related smilagenin to D-glyceralde-
hyde.” For use of 22« or 228, cf. ref. 15b.

Sapogenins with the 208-configuration were dis-
covered almost simultaneously in a number of lab-
oratories. The various research groups proposed
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group attached to Cis. A compound with structure IIb should be
more ptible to pseud ization than one with structure Ila.
Compare, for example, the previously discussed case of spirostanes
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observed fact that the 208,251-spirostanes were more stable than the
208,26p-spirostanes (IIa) is inconsistent with formulation IIb as com-
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the terms 20-iso-,!® neo-,*® ana-*® and cyclopseudo-*
to be used as prefixes to the trivial name of the
parent sapogenin. As now seems apparent, the
use of 20-iso does not cover all cases. With the
structure of the 208-sapogenins now on firm ground
there no longer seems to be a need for the non-spe-
cific terms neo, ana, or cyclopseudo. We therefore
propose 20-iso or 20,22-iso as shown above.

Experimental

Pseudomerization of Sapogenins. (a) Micro Procedure.
—To a Pyrex tube (8 mm. X 12.5 cm.) sealed at one end
was added 0.2 g. of sapogenin acetate followed by 0.5 ml. of
acetic anhydride containing a trace of acetic acid.!® The
tube was sealed close to the open end, wrapped in a copper
spiral,® immersed in a heating bath and removed after the
desired time interval. The pseudomerization runs were
conducted at temperatures of 100, 170, 180 and 188° using
heating-baths of water, butyl Cellosolve, aniline and pro-
pylene glycol, respectively. Trial runs quickly indicated
that for the acetic anhydride pseudomerization of natural
sapogenins, a temperature of 170° was best for determina-
tion of pseudomerization rates, the reaction proceeding too
slowly at lower and too rapidly at higher temperatures.
For 20-iso- or 20,22-isosapogenins, a temperature of 100°
was found most suitable. In experiments in which these
last named sapogenins were heated without addition of
acetic anhydride, a temperature of 188° was convenient with
quantities of 0.10 g.

Determination of Pseudosapogenins.—After the appro-
priate heating periods, the tubes were opened, and the con-
tents refluxed one-half hour with 20 ml. of methanol con-
taining 1.0 g. of potassium hydroxide. Three volumes of
water was added, and the precipitated product filtered,
thoroughly washed with hot water and dried 47 vacuo at 80°.
The ultraviolet absorption of a weighed sample (0.025 g.
in 100 ml. of methanol, and further diluted if necessary)
was determined at 215 mu.?! The percentage of conversion
to pseudosapogenin was determined by dividing the specific
absorption coefficient found experimentally by the corre-
sponding value of the pure pseudosapogenin. In the case
of the 188° pseudomerization of the 20-isosapogenins with
omission of acetic anhydride, the product was, on comple-
tion of the heating period, dissolved directly in methanol
and the ultraviolet absorption determined as above. The
data for natural sapogenins are shown in Table I, for 20-iso
and 20,22-isosapogenins in Table II. The results obtained
by ultraviolet measurement were checked by paper chroma-
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tography. Whatman No. 4 paper, 12 by 18 inches, was
impregnated with propylene glycol by dipping the sheets
into a solution of 709, acetone-309% propylene glycol
(v./v.). Approximately 200-microgram quantities of reac-
tion products, pure pseudosapogenin or pure sapogenin were
spotted on the paper. The mobile phase was a mixture of
25% benzene-75%, cyclohexane (v./v.). Using a de-
scending system with 12 X 18 inch circular tanks, the
chromatograms were allowed to develop for 2 hours. The
papers were dried and sprayed with 5%, phosphomolybdic
acid in ethanol.?? The unreacted sapogenin moved much
further than the pseudosapogenin so that mixtures were
easily separated. The results qualitatively were in line
with the data given in Tables I and II. In addition, there
was no evidence to indicate that products other than
pseudosapogenin or unreacted sapogenins were formed.

(b) Macro Procedure.—Sarsasapogenin acetate, 20.0 g.,
and 50.0 ml. of acetic anhydride containing a trace of glacial
acetic acid were placed in a Pyrex, 250 ml. 24/40 §, round-
bottom flask and the air flushed out with dry, oxygen-free
nitrogen. The flask was then closed with a stopper pre-
viously ground with carborundum to make an air-tight seal.
The stopper was held in place by a strong spring attached
to a collar secured to the neck of the flask. The heating
system consisted of a 2-liter resin flask containing 1 liter of
a butyl Cellosolve fraction boiling at 170°. By means of a
metal weight the reaction flask was completely immersed
in the heating-bath. The butyl Cellosolve was then heated
to boiling and the reaction flask heated 4 hr.2¢8 The reac-
tion flask was then removed, cooled and the acetic anhydride
distilled ¢n vacuo. The residue was refluxed for one-half
hour in methanol containing 59, potassium hydroxide.
After addition of two volumes of water, the precipitated
pseudosarsasapogenin was filtered, washed and dried to give
18.2 g., m.p. 140-170°. Crystallization from ethyl acetate
gave 15.6 g., m.p. 168-171° (lit.?* gives m.p. 168-171°)
yield 85.5%. Papergram analysis of the mother liquors
indicated that there was considerable pseudosarsasapogenin
left in these residues. In a similar manner 20.0 g. of smila-
genin acetate, heated 17 hr. at 170°, gave 16.0 g. of crystals
from ethyl acetate, m.p. 153-161° (lit.2* gives m.p. 153-
161°) yield 88%,. Tigogenin acetate, 17 hr. at 170° gave
16.6 g. of crystals from methanol, m.p. 170-180° (lit.2 gives
m.p. 179-189°), yield 91.5%; diosgenin acetate, 17 hr. at
180°, gave 11.1 g. of crystals from aqueous methanol, m.p.
160-170° (lit.»* gives double m.p. 157-163°, 174-177°)
yield 62%, and 3.6 g. of a less pure fraction, m.p. 150-165°,
yield 20.0%; hecogenin acetate, 17 hr. at 180°, gave 16.0 g.
of crystals from ether, m.p. 190-195° (lit.2 gives m.p. 190-
191°), yield 88.0%.
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